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Phase  I  Investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 
D.C.  20314.  The  purpose  of  a  Phase  I  investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  con¬ 
dition  of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation,  and  analyses  involving 
topographic  mapping,  subsurface  investigations,  testing,  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 


In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team.  In  cases  where  the  reservoir 
was  lowered  or  drained  prior  to  inspection,  such  action, 
while  improving  the  stability  and  safety  of  the  dam,  removes 
the  normal  load  on  the  structure  and  may  obscure  certain  con¬ 
ditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 


It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be 
incorrect  to  assume  that  the  present  condition  of  the  dam 
will  continue  to  represent  the  condition  of  the  dam  at  some 
point  in  the  future.  Only  through  frequent  inspections  can 
unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or 
corrected . 


Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  spillway  design  flood  is  based 
on  the  estimated  "Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff),  or  fractions 
thereof.  The  spillway  design  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in  deter¬ 
mining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  con¬ 
dition  and  the  downstream  damage  potential. 


:  ALL  DDC 

l. •- AtSD  WHITE 
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PHASE  I  REPORT 

NATIONAL  DAM  INSPECTION  REPORT 


NAME  OF  DAM:  Beaver  Lake  Dam 
STATE  LOCATED:  Pennsylvania 
COUNTY  LOCATED:  Lycoming 
STREAM:  Beaver  Run 
DATE  OF  INSPECTION:  May  24,  1979 


ASSESSMENT 

The  assessment  of  the  Beaver  Run  Dam  is  based  upon  visual 
observations  made  at  the  time  of  inspection,  review  of  available 
records  and  data,  hydrology  and  hydraulic  computations,  and  past 
operational  performance. 

Beaver  Lake  Dam  is  a  high  hazard-small  size  dam.  The  Spillway 
Design  Flood  is  the  PMF  because  of  the  downstream  exposure. 

The  inspection  and  review  of  data  of  Beaver  Lake  Dam  did  not 
reveal  any  problems  which  require  emergency  action.  However, 
the  dam  appears  to  be  in  very  poor  condition. 

The  existing  spillway  and  reservoir  are  capable  of  passing  less 
than  1Z  of  the  PMF  (Probable  Maximum  Flood) .  Based  upon  criteria 
established  by  the  Corps  of  Engineers,  the  spillway  is  termed 
seriously  inadequate.  If  Beaver  Lake  Dam  should  fail  due  to 
overtopping,  the  hazard  to  loss  of  life  and  property  downstream 
from  the  dam  would  be  signif icatnly  increased  from  that  which 
would  exist  just  prior  to  overtopping.  As  a  result  of  the 
seriously  inadequate  spillway,  the  dam  is  considered  an  unsafe, 
non-emergency  dam. 

The  owner  should  consider  breaching  or  removing  the  structure. 

If  the  owner  desires  to  keep  the  structure,  the  owner  should  do 
the  following: 

I.  The  flashboards  and  debris  in  the  spillway  should  be 
removed. 


2.  A  detailed  hydrologic  and  hydraulic  study  should  be 
conducted  by  a  professional  engineer  knowledgeable  in  dam  design 
to  increase  spillway  capacity.  The  spillway  capacity  should  be 
incr  ased  in  accordance  with  the  Corp  of  Engineers  guidelines. 

3.  The  services  of  a  professional  engineer  knowledgeable 
in  dam* design  should  be  retained  to  evaluate  the  effect  of  the 
seepage  through  the  dam. 


rate  wall  should  be  repaired  and  stabilized 


5.  The  left  spillway  wall  should  be  repaired 


6.  All  holes  and  erosion  of  the  embankment  should  be  repaired 


7.  The  trees  on  the  embankment  should  be  selectively 
removed  under  the  direction  of  an  engineer  knowledgeable  in  dam 
design. 


8.  A  warning  system  should  be  instituted  to  warn  downstream 
residents  or  large  spillway  discharges  or  failure  of  the  dam. 


9.  Institute  a  formal  safety  In, 
conducted  at  reulgar  intervals.  f. 


10.  A  method  to  drain  the  reservoir  should  be  developed 


L.  ROBERT  KIMBALL  &  ASSOCIATES 
CONSULTING  ENGINEERS  AND  ARCHITECTS 


SUBMITTED  BY 


Kuang-hwei  Chuang,  'P.E 


APPROVED  BY 


JAMES  W.  PECK 

Colonel,  Corps  of  Engineers 
[District  Engineer 
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PHASE  r 

NATIONAL  DAM  INSPECTION  PROGRAM 
3EAVER  LAKE  DAM 
NDI  I.D.  NO.  PA  354 
DER  I.D.  NO.  41-10 

SECTION  1 

PROJECT  INFORMATION 


1. 1  General. 

a.  Authoricy .  The  National  Dam  Inspection  Act,  Public 
Law  92-367,  authorized  the  Secretary  of  the  Army,  through 

the  Corps  of  Engineers,  to  initiate  a  program  of  inspection  of 
dams  throughout  the  United  States. 

b.  Purpose.  The  purpose  of  the  inspection  is  to  determine 
if  the  dam  constitutes  a  hazard  to  human  life  or  property. 

1.2  Description  of  Project. 

v ' 

a.  Dam  and  Appurtenances.  Beaver  Lake  Dam  is  an  earth- 
fill  dam  with  a  vertical  concrete  wall  forming  the  upstream 
slope  and  a  vertical  stone  wall  forming  the  downstream  slope. 

The  material  between  the  two  walls  is  earth.  The  crest  width 
is  approximately  12  feet.  The  dam  is  179  feet  long  and 
approximately  9  feet  high.  The  dam  crest  is  curved  concaved  in  an 
upstream  direction.  The  right  abutment  is  very  gently  sloping. 

The  spillway  is  located  in  the  center  of  the  dam  and  is 

19  feec  long.  There  are  no  outlet  pipes  or  drain  facilities  in 
the  dam .  (See  pages  A-12  and’  A-13)  .- 
V  m  •  r 

b.  Location.  The  dam  is  located  on  3eaver  Run,  approximately 

3.5  miles  south  of  Muncy  Valley,  Lycoming  County,  PA.  The 
Beaver  Lake  Dam  can  be  located  on  the  Sonestown  PA  U.S.G.S. 

7.5  minute  quadrangle. 

c.  Size  Classification.  Beaver  Lake  Dam  is  a  small  size 
structure  (9  feet  high,  370  acre-feet). 

d.  Hazard  Classification.  Beaver  Lake  Dam  is  a  high 
hazard  dam.  Downstream  conditions  indicate  that  loss  of  more 
than  a  few  lives  is  probable  should  the  structure  fail.  (See 
section  3.1e). 

e.  Ownership.  Beaver  Lake  Dam  is  owned  by  Ned  Rettew. 
Correspondence  should  be  addressed  to: 


Ned  Rettew 

308  N.  Scace  Street 

Ephrata,  PA  17522 


f.  Purpose  of  Dam.  3eaver  Lake  Dam  Is  used  for  recreation. 

g.  Design  and  Construction  History.  No  information  is 
available  on  the  design  and  construction  history.  Inspection 
reports  in  the  files  of  Commonwealth  of  Pennsylvania,  DER 
indicated  that  the  dam  was  built  prior  to  1919. 

h.  Normal  Operating  Procedures.  There  are  no  normal 
operating  procedures.  Inflow  to  the  dam  is  discharged  through 
Che  spillway. 

1.3  Pertinent  Data. 


a.  Drainage  Area.  2.96  square  miles 

b.  Discharge  at  Dam  Site  (cfs). 

Maximum  known  flood  at  dam  sice 
Spillway  capacity  at  cop  of  dam  elevation 
existing  conditions 
Spillway  capacity  at  top  of  dam 
without  flashboards  and  debris 


Unknown 
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c.  Elevation  (U.S.G.S.  Datum)  (feet).  -  Elevation  worked 
from  top  of  concrete  wall  adjacent  to  spillway  (900.0). 


Top  of  dam  -  low  point  899.8 

Design  top  of  dam  Unknown 

Maximum  pool  -  design  surcharge  Unknown 

Full  flood  control  N/A 

Normal  pool  -  with  debris  and  flashboards  399.6 

Normal  pool  -  without  debris  and  flashboards  396.6 
Streambed  at  centerline  of  dam  891.0 

Maximum  tailwater  None 

Elevation  of  dovnscream  toe  391.0 


d.  Reservoir  (feet). 

Length  of  maximum  pool 
Length  of  normal  pool 
Length  of  flood  control  pool 

e.  Storage  (acre-feet). 

Normal  pool 
Flood  control  pool 
Design  Surcharge 
Top  of  dam 


6000 

4400 

N/A 


370 

N/A 

Unknown 

370 


Reservoir  Surface  (acres). 


Top  of  dam 
Maximum  pool 
Flood  control  pool 
Normal  pool 

Spillway  crest  -  existing 
Design  spillway  crest 


65 

72 

N/A 

65 

65 

Unknown 


Type 
Height 
Length 
Top  width 
Side  slopes 
Zoning 

Impervious  core 
Cutoff 

Grout  curtain 


Earthfili  with  concrete  and  stone  walls 

9  feet 
179  feet 
12  feet 
Vertical 
None 
None 
None 
None 


h.  Reservoir  Drain. 


Spillway. 


Type  Uncontrolled  -  broad  crested  weir 

Length  ^  feet 

Crest  Elevation  -  without  flashboards  896.6 

Crest  Elevation  -  with  flashboards  and  debris  399.6 
Upstream  channel  Lake 

Downstream  channel  Approximate  100  foot  long 

channel 


Upstream  channel 
Downstream  channel 


SECTION  2  . 

ENGINEERING  DATA 

2.1  Design.  Review  of  information  in  the  files  of  Commonwealth 
of  Pennsylvania,  DER  revealed  that  no  construction  drawings, 
design  reports  or  other  design  information  were  available. 

2.2  Construction.  No  information  on  construction  is  available. 

2.3  Operation.  There  are  no  operating  records. 

2. 4  Evaluation. 

a.  Availability.  Same  data  cn  previous  inspections  were 
provided  by  Pennsylvania  DER,  Bureau  of  Dam  Safety,  Obstructions 
and  Storm  Water  Management. 

b.  Adequacy.  The  amount  of  design  and  construction  data 

is  very  limited.  The  information,  in  conjunction  with  the  onsite 
inspection,  is  sufficient  to  complete  a  Phase  I  Report. 
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SECTION  3 
VISUAL  INSPECTION 


3. 1  Findings. 

a.  General.  The  onsite  inspection  of  Beaver  Lake  Dam 
was  conducted  by  personnel  of  L.  Robert  Kimball  and  Associates 
on  May  24,  1979.  The  inspection  consisted  of: 

1.  Visual  inspection  of  the  retaining  structure, 
abutments  and  toe. 

2.  Examination  of  the  spillway  facilities,  portions 
of  any  outlet  works,  and  other  appurtenant  works. 

3.  Observations  affecting  the  runoff  potential  or 
the  drainage  basin. 

4.  Evaluation  of  the  downstream  area  hazard  potential. 

b.  Dam.  The  dam  is  in  very  poor  condition.  The  concrete 
wall  on  the  upstream  slope  is  broken,  cracked,  deteriorated 
and  leaning.  Part  of  the  wall  to  the  left  of  the  spillway  has 
been  washed  out  (See  page  A-13).  To  the  right  of  the  spillway 
most  of  the  wall  is  leaning  and  may  fail.  The  stone  wall  forming 
the  downstream  slope  is  in  fair  condition.  Near  the  left  abutment 
are  several  large  trees  growing  on  the  dam.  Near  station  3+05 
water  is  seeping  through  or  under  the  concrete  wall  and  up  onto 
the  embankment  crest.  The  water  in  then  flowing  over  the  crest 
and  down  through  a  hole  in  the  embankment  and  eventually  through 
the  stone  wall.  The  crest  varies  from  elevation  899.8  to  900.2. 
Water  level  at  the  time  of  inspection  was  at  elevation  899.7.  Wave 
action  was  carrying  water  over  the  crest.  In  addition,  a  breach 

in  the  spillway  left  wall  was  carrying  more  water  over  the  embank¬ 
ment  to  the  left  of  the  spillway  than  through  the  spillway. 

c.  Appurtenant  Structures.  The  spillway  is  located  in  the 
center  of  the  dam.  The  concrete  crest  is  3  feet  (89b. 6)  below  top 
of  dam.  However,  during  the  inspection  several  flashboards 

and  debris  in  the  form  of  sticks,  brush  and  tires  blocked  the 
spillway  making  the  crest  approximately  899.6.  The  left  spillway 
wall  is  deteriorated  and  during  the  inspection  water  was  flowing 
over  the  dam  to  the  left  of  the  spillway.  Wave  action  was  also 
carrying  water  over  the  dam.  The  left  abutment  of  the  dam  is 
very  flat  and  during  high  reservoir  there  may  be  flow  over  this 
port  ion. 

There  are  no  drains  in  the  dam  to  lower  che  water  level. 


d.  Reservoir  Area.  The  watershed  is  covered  with  woodland 
and  farmland.  The  reservoir  slopes  are  noc  considered .to  be 
susceptible  to  massive  landslides  which  would  affect  the  storage 
volume  of  the  reservoir  or  overtopping  of  the  iam  by  displacing 
water. 


e.  Downstream  Channel.  The  downstream  channel  of  Beaver 
Run  below  the  dam  is  narrow  for  a  distance  of  approximately 
3000  feet.  3elow  3000  feet  the  channel  widens.  Approximately 
5  residences  (20  people)  are  located  within  2  miles  downstream 
of  the  dam. 

3.2  Evaluation.  The  dam  and  appurtenant  structures  are  in  very 
poor  condition.  The  poor  condition  of  the  concrete  wall,  holes 
in  the  embankment,  seepage,  vegetation  on  the  embankment,  and 
the  blocked  spillway  should  be  corrected. 


SECTION  4 

OPERATIONAL  PROCEDURES 


4.1  Procedures.  The  reservoir  is  maintained  at  as  high  a 

level  as  possible.  Excess  inflow  is  discharged  over  the  spillwav. 
No  operations  are  conducted. 

4.2  Maintenance  of  the  Dam.  No  planned  maintenance  schedule  is 
utilized.  Maintenance  of  the  dam  is  poor. 

4.3  Maintenance  of  Operating  Facilities.  There  are  no  operating 
facilities  (drainlines). 

4.4  Warning  System  in  Effect.  There  is  no  warning  system  in 
effect. 

4.5  Evaluation.  Maintenance  of  the  dam  and  appurtenant  structures 
is  considered  poor.  There  is  no  warning  system  in  effect  to 

warn  downstream  residents  of  large  spillway  discharges  or  failure 
of  the  dam. 
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SECTION  5 

HYDRAULICS  AND  HYDROLOGY 


5. 1  Evaluation  of  Features. 

a.  Design  Data.  There  is  no  hydraulic  and  hydrology  data. 

b.  Experience  Data.  No  rainfall,  runoff  or  reservoir  level 
data  were  available.  It  is  reported  chat  debris  periodically 
biocics  the  spillway  until  a  flood  washes  ic  out. 

o.  Visual  Observations.  The  spillway  has  several  flash- 
boards  placed  to  increase  water  level.  In  addition,  debris 
blocked  the  spillway  further  increasing  the  water  level.  The 
left  spillway  wall  is  broken  and  water  flows  over  a  portion  of 
the  embankment  adjacent  to  the  spillway. 


d.  Overtopping  Potential.  Overtopping  potential  was 
investigated  through  the  development  of  the  probable  maximum 
flood  (PMF)  for  the  watershed  and  the  subsequent  routing  of  the 
?MF  and  tractions  of  the  PMF  through  the  reservoir  and  spillway. 

The  Corps  of  Engineers,  Baltimore  District,  has  directed  chat  the 
HEC-1  Dam  Safety  Version  systemized  computer  program  be  utilized. 
The  program  was  prepared  by  the  Hydrologic  Engineering  Center 
(HEC),  U.S.  Army  Corps  of  Engineers,  Davis,  California,  July,  1973. 
The  major  methodologies  or  key  input  data  for  this  program  are 
discussed  briefly  in  Appendix  D. 

5.2  Evaluation  Assumptions.  To  enable  us  to  complete  the 
hydraulic  and  hydrologic  analysis  for  this  structure,  it  was 
necessary  to  make  the  following  assumptions. 

1.  Spillway  crest  was  assumed  to  be  at  elevation  399.6 
(top  of  debris). 

2.  Water  level  prior  to  flood  was  assumed  to  be  at  399.6. 

5.3  Summary  of  Overtopping  Analysis.  Complete  summary  sheets 
from  the  computer  output  are  presented  in  Appendix  D. 

Peak  inflow  6564  cfs 

Spillway  capacity  5  cfs 

a.  Spillway  Adequacy  Rating.  The  Spillway  Design  Flood 
(SDF)  for  this  dam  is  the  PMF.  The  SDF  is  based  upon  the  hazard 
and  size  classification  of  the  dam.  Based  on  the  following 
definition  provided  by  the  Corps  of  Engineers,  this  spillway  is 
rated  as  seriously  inadequate  as  a  result  of  our  hydrologic 
analysis. 


Seriously  Inadequate  -  High  hazard  classification  dams 
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not  capable  of  passing  50%  of  the  PMF  without  failure 
when  there  is  a  significant  increase  in  the  hazard 
potential  for  loss  of  life  downstream  due  to  overtopping 
failure. 

The  spillway  and  reservoir  are  capable  of  controlling  approximately 
1  %  of  the  PMF  without  overtopping  the  embankment  under  the  condi¬ 
tions  noted  during  the  inspections.  In  addition,  it  was  determined 
that  if  the  flashboards  and  debris  were  removed  the  spillway 
capacity  would  not  be  increased  significantly. 

5.4  Summary  of  Dam  Breach  Analysis.  As  the  subject  dam  cannot 
satisfactorily  pass  50%  of  the  PMF  (based  on  our  analysis)  it 
was  necessary  to  perform  a  dam  breach  analysis  and  downstream 
routing  of  the  flood  wave.  This  analysis  determines  the  degree 
of  increased  flooding  due  to  dam  failure. 

Results  of  the  Dam  Breach  Analysis  indicate  that  downstream 
flooding  is  significantly  increased.  Failure  of  the  dam  was 
assumed  to  occur  with  approximately  0.6  foot  of  water  over  the 
dam.  Because  of  the  very  poor  condition  of  the  dam,  a  near 
full  breach  was  assumed.  Maximum  flood  level  increase  was 
approximately  3.4  feet  with  an  increase  of  1,000  cfs  (167%).  These 
results  indicate  that  failure  due  to  overtopping  will  significantly 
increase  downstream  potential  for  loss  of  life.  Detailed  results 
of  the  flood  wave  routing  are  included  in  Appendix  D. 

Note:  Future  development  within  the  watershed,  at  the  dam, 

or  downstream  may  change  the  characteristics  and  assumptions 
made  for  this  study  and  different  results  are  likely.  Future 
development  downstream  may  also  greatly  increase  the  potential 
for  loss  of  life  due  to  failure  of  the  structure. 
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SECTION  6 

STRUCTURAL  STABILITY 


6. 1  Evaluation  of  Structural  Stability. 

a.  Visual  Observations.  The  concrete  wall  on  the  upstream 
slope  is  tilting  and  failing.  The  embankment  has  several  holes 
in  the  crest.  Seepage  is  flowing  under  or  through  the  concrete 
wall  and  through  holes  in  the  embankment  and  stone  wall.  Several 
trees  are  growing  on  the  crest.  If  the  wall  should  completely 
fail,  the  embankment  is  jeopardized.  In  addition,  the  potential 
exists  for  a  piping  problem  to  develop  in  the  future.  Therefore 
the  embankment  is  not  considered  stable  under  static  loading 
conditions. 

b.  Design  and  Construction  Data.  There  are  no  design  or 
construction  data. 

c.  Operating  Records.  There  are  no  operating  records. 

d.  Post  Construction  Changes.  It  is  reported  that  the 
first  spillway  was  a  timber  crib  structure. 

e.  Seismic  Stability.  The  dam  is  located  in  seismic  zone 
1.  No  seismic  stability  analysis  has  been  performed.  Normally, 
it  can  be  considered  that  if  a  dam  in  this  zone  is  stable  under 
static  loading  conditions,  it  can  be  assumed  safe  for  any 
expected  earthquake  loading,  however,  this  structure  is  presently 
unstable. 
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SECTION  7 

ASSESSMENT  AND  RECOMMENDATIONS /REMEDIAL  MEASURES 


7. 1  Dam  Assessment. 

a.  Safety.  The  dam  is  in  very  poor  condition.  The 
visual  observations,  review  of  available  data,  hydrologic 
calculations  and  past  operational  performance  indicate  that 
Beaver  Lake  Dam's  spillway  is  seriously  inadequate.  The  spillway 
is  capable  of  controlling  approximately  1*  of  the  PMF  without 
overtopping.  No  stability  analysis  has  been  performed.  The  long 
term  effect  of  the  stability  is  uncertain  due  to  the  questionable 
stability  of  the  concrete  wall  and  seepage.  The  dam  is  an  unsafe 
non-emergency  structure. 

b.  Adequacy  of  Information.  Sufficient  information  is 
available  to  complete  a  Phase  I  Report. 

c.  Urgency.  The  recommendations  suggested  below  should 
be  implemented  immediately. 

d.  Necessity  for  Further  Investigation.  In  order  to 
accomplish  some  of  the  recommendations /remedial  measures 
outlined  below,  further  investigations  will  be  required. 

7.2  Recommendations /Remedial  Measures.  The  dam's  owner  should 
consider  breaching  or  removing  the  structure.  If  the  owner 
decides  to  keep  the  structure,  the  owner  should  do  the  following: 

1.  The  rlashboards  and  debris  in  the  soillway  should  be 
removed. 

2.  A  detailed  hydrologic  and  hydraulic  study  should  be 
conducted  by  a  professional  engineer  knowledgeable  in  dam  design 
to  increase  spillway  capacity.  The  spillway  capacity  should  be 
increased  in  accordance  with  the  Corps  of  Engineers  guidelines. 

3.  The  services  of  a  professional  engineer  knowledgeable 
in  dam  design  should  be  retained  to  evaluate  Che  effect  of  the 
seepage  through  the  dam. 

4.  The  concrete  wall  should  be  repaired  and  stabilized. 

5.  The  left  spillway  wall  should  be  repaired. 

6.  All  holes  and  erosion  of  the  embankment  should  be  repaired. 

7.  The  trees  on  the  embankment  should  be  selectively 
removed  under  the  direction  of  an  engineer  knowledgeable  in  dam 
design. 


8.  A  warning  system  should  be  instituted  to  warn  downstream 
residents  of  large  spillway  discharges  or  failure  of  the  dam. 

9.  Institute  a  formal  safety  inspection  program  to  be 
conducted  at  regular  intervals. 

10.  A  method  to  drain  the  reservoir  should  be  developed. 
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CHECKLIST,  ENGINEERING  DATA,  DESIGN.  CONSTRUCTION,  OPERATION,  PHASE  I 
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MAINTENANCE 

OPERATION 

RECORDS 
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PHOTOGRAPHS 


Concrete  wall  from  right  end  of  dam. 


Concrete  wall  to  che  left  of  spillway. 
Note  no  freeboard. 
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Downstream  view  of  dam  and  stone  wall. 


Downstream  view  of  dam  and  stone  wall. 
Note  fish  hatchery  in  foreground. 


APPENDIX  D 

HYDROLOGY  AND  HYDRAULICS 


Methodology .  The  dam  overtopping  and  breach  analyses  were 
accomplished  using  the  svsteraized  computer  program  HEC-1 
(Dam  Safety  Investigation),  September,  1978,  prepared  by  the 
Hydrologic  Engineering  Center,  U.S.  Army  Corps  of  Engineers, 
Davis,  California.  A  brief  description  of  the  methodology 
used  in  the  analysis  is  presented  below. 

1.  Precipitation.  The  Probable  Maximum  Precipitation 
(PMP)  is  derived  and  determined  from  regional  charts  prepared 
from  past  rainfall  records  including  "Hydrometeorological 
Reports  No.  40  prepared  by  the  National  Weather  Service. 

The  index  rainfall  is  reduced  from  10%  to  20%  depending  on 
watershed  size  by  utilization  of  what  is  termed  the  HOP  Brook 
adjustment  factor.  Distribution  of  the  total  rainfall  is 
made  by  the  computer  program  using  distribution  methods 
developed  by  the  Corps. 

2.  Inflow  Hvdrograph.  The  hydrologic  analysis  used  in 
development  of  the  overtopping  potential  is  based  on  applying 
a  hypothetical  storm  to  a  unit  hydrograph  to  obtain  the  inflow 
hydrograph  for  reservoir  routing. 

The  unit  hydrograph  is  developed  using  the  Snyder  method. 

This  method  requires  calculation  of  several  key  parameters. 

The  following  list  gives  these  parameters  their  definition 
and  how  they  were  obtained  for  these  analysis. 


Parameter 


Definition 


Where  Obtained 


Ct 


L 


ca 


Coefficient  representing 
variations  of  watershed 
slope  and  storage 

Length  of  main  stream 
channel  miles 

Length  on  main  stream 
to  centroid  of  watershed 


From  Corps  of 
Engineers* 


From  U.S.G.S. 

7.5  minute  topographic 

From  U.S.G.S. 

7.5  minute  topographic 


Peaking  coefficient 


From  Corps  of 
Engineers* 


A 


Watershed  size 


From  U.S.G.S. 

7.5  minute  topographic 


*Developed  by  the  Corps  of  Engineers  on  a  regional  basis  for 
Pennsylvania. 
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3.  Routing.  Reservoir  routing  is  accomplished  by  using 
Modified  Plus  routing  techniques  where  the  flood  hydrograph  is 
routed  through  reservoir  storage.  Hydraulic  capacities  of 

the  outlet  works,  spillways  and  the  crest  of  the  dam  are  used 
as  outlet  controls  in  the  routing. 

The  hydraulic  capacity  of  the  outlet  works  can  either  be 
calculated  and  input  or  sufficient  dimensions  input  and  the 
program  will  calculate  an  elevation  discharge  relationship. 

Storage  in  the  pool  area  is  defined  by  an  area  -  elevation 
relationship  from  which  the  computer  calculates  storage. 

Surface  areas  are  either  planimetered  from  available  mapping 
or  U.S.G.S.  7.5  minute  series  topographic  maps  or  taken  from 
reasonably  accurate  design  data. 

4.  Dam  Overtopping.  Using  given  percentages  of  the  PMF 
the  computer  program  will  calculate  the  percentage  of  the  PMF 
which  can  be  controlled  by  the  reservoir  and  spillway  without 
the  dam  overtopping. 

5.  Dam  Breach  and  Downstream  Routing.  The  computer 
program  is  equipped  to  determine  the  increase  in  downstream 
flooding  due  to  failure  of  the  dam  caused  by  overtopping. 

This  is  accomplished  by  routing  both  the  pre  failure  peak 
flow  and  the  peak  flow  through  the  breach  (calculated  by  the 
computer  with  given  input  assumptions)  at  a  given  point  in 
time  and  determining  the  water  depth  in  the  downstream  channel. 
Channel  cross-sections  taken  from  U.S.G.S.  7.5  minute  topographic 
maps  were  used  in  the  downstream  flood  wave  routing.  Pre  and 
post  failure  water  depths  are  calculated  at  locations  where 
cross-sections  are  input. 


CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS:  2.%  square  mile  (farmland  and  forested) 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY) :  S9Q-°  (37°  _ 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY) :  N/A _ 

ELEVATION  MAXIMUM  DESIGN  POOL:  Unknown _ 

ELEVATION  TOP  DAM:  _ 8"'S _ 


SPILLWAY  CREST: 


a. 

Elevation 

899.6  presently 

b. 

Tvpe 

broad  crested 

c. 

Width 

5  feet 

d. 

Leneth 

19  feet 

e. 

Location  Spillover, 

Center  of  dam 

f. 

Number  and  Type  of 

Gates  None 

OUTLET 

WORKS : 

a. 

Type 

None 

b. 

Location 

c. 

Entrance  inverts 

d. 

Exit  inverts 

e. 

Emergency  dra indown 

facilities 

HYDROMETEOROLOGICAL  GAUGES: 

a. 

Tvpe 

None 

b. 

Location 

c. 

Records 

MAXIMUM  NON-DAMAGING  DISCHARGE: 
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000  0.00 


flOOD  HYDROGRAPH  PACKAGE  (HEC-JI 


0?4  0<!9'  006  Si*  '  098  09C 


INCHES 


881*7  681.6  881.9  881.9  881.4  881.4  '  8blt)  681.9  881.2 
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BEAVER  LAKE  DAM 


DOWNSTREAM  EXPOSURE  MAP 

SCALE:  I"  *  2000' 

L.  ROBERT  KIMBALL  8  ASSOCIATES 

CONSULTING  ENGINEERS  a  ARCHITECTS 
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General  Geoloe 


Beaver  Lake  Dam  lies  within  the  Allegheny  High  Plateaus  Section 
or  the  Applachian  Plateaus  Physiographic  Province.  This  area  is 
characterized  by  nearly  horizontal  strata  with  local  open  folds. 
Anticlines  and  synclines  are  usually  quite  broad. 

The  bedrock  under  Beaver  Lake  consists  of  the  Devonian  aged 
Susquehanna  Group.  This  is  a  complex  unit  of  sandstones, 
siltstones,  shales  and  conglomerates.  Usually  the  following 
changes  occur  from  the  bottom  to  the  top  of  the  group:  the 
sediment  grain  size  increases,  the  average  thickness  of  the 
beds  increases,  the  shales  become  redder,  and  the  percentage 
of  silica  increases.  The  bedding  is  usually  well  developed 
with  thicknesses  ranging  from  less  than  one  to  over  fifteen 
teet.  The  joints  are  usually  closely  spaced  in  a  well  developed 
regular  pattern  in  the  shales  and  siltstones.  The  shales 
weather  rapidly,  while  the  sandstones,  siltstones  and  conglo¬ 
merates  are  moderately  resistant.  This  group  can  form  a  good 
foundation  for  heavy  structures  if  it  is  excavated  to  sound 
material  and  the  shales  and  siltstones  are  kept  water  free. 

.he  surface  drainage  is  moderate  to  good,  except  in  glaciated 
regions  where  it  is  poor.  The  interstitial  porosity  is  low  in 
the  coarser  rocks  while  the  joint  development  allows  a  medium 
quantity  of  total  effective  porosity. 
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GEOLOGIC  MAP  OF  HUNTERS  LAKE  AND 
BEAVER  LAKE  DAM 
AREA 


<  >sw  n\ 


Scale:  I  250,000 


-if  -Kill  h nrmnt  ton 


Stn"|ui*hnnnit  (Iiouji 

|  H-uhrt  /••«*  •«  '(  Irmnni'  ( 


-  / 

K  ^ 

-  (  ».-•*.  ,  (|  / 

!.JVj 

'ij  '  \ 

cS 

8 

I1'  v,»n  M  ill 

